In this paper, an intelligent nonlinear controller is presented by intelligent tuning of the backstepping method parameters using Bees Algorithm. The proposed controller is utilized to control of chaos of Gyro system. The backstepping method consists of parameters which could have positive values. The parameters are usually chosen optional by trial and error method. The improper selection of the parameters leads to inappropriate responses or even may lead to instability of the system. The proposed optimal backstepping controller without trial and error determines the parameters of backstepping controller automatically and intelligently by minimizing the Integral of Time multiplied Absolute Error (ITAE) and squared controller output. Finally, the efficiency of the proposed intelligent backstepping controller is illustrated by implementing the method on the Gyro chaotic system.
been observed in different areas of science and engineering such as mechanics, electronics, physics, medicine, ecology, biology, economy and so on. To avoid troubles arising from unusual behaviors of a chaotic system, chaos control has gained increasing attention in recent years. An important objective of a chaos controller is to suppress the chaotic oscillations completely or reduce them to the regular oscillations [1] .
The backstepping approach is one of the most popular nonlinear techniques of control design. It is capable of generating a globally asymptotically stabilizing control laws to suppress and synchronize chaotic system [2] - [5] . The idea of backstepping design is to select recursively some appropriate functions of state variables as pseudo-control inputs for lower dimension subsystems of the overall system. Each backstepping stage results in a new pseudo-control design, expressed in terms of the pseudo-control designs from preceding design stages. When the procedure is terminated, a feedback design for the true control input results, which achieves the original design objective by virtue of a final Lyapunov function, which is formed by summing up the Lyapunov functions associated with each individual design stage.
The Bees Algorithm is a swarm-based optimization procedure that mimics the food foraging behavior of honey bees. The algorithm has been successfully applied to different optimization problems such as continuous function optimization, artificial neural network training, engineering design, multi-objective optimization, data clustering and manufacturing cell formation [6] . Bees Algorithm is used in this paper in order to determine the intelligent backstepping controller parameters. In the proposed controller, the backstepping method parameters are chosen such that the time response of system states converges to zero in a short time, i.e. the system chaos is controlled faster. Besides, more limited control signal is needed for stabilization of system states and chaos control.
The rest of the paper is organized as follows. Section 2 describes the backstepping method. Bees Algorithm is described in Section 3. The proposed intelligent backstepping controller is described in Section 4. In Section 5, simulation results are provided to validate the effectiveness of the proposed method. The paper ends with the conclusion as Section 6 followed by the references.
Backstepping Method
Considering the following n-order system with strict-feedback form: Step1: Considering the first subsystem of (1), 2 x is taken as a virtual control input and choose:
The first subsystem is changed to be 11
k  , the origin of the first subsystem 1 0 x  is asymptotically stable, and the corresponding Lyapunov function is
Step2: Take 3 x as a virtual control input and the 12 ( , ) xx subsystem is changed to (5).
Which is in the form of backstepping method, so the control law 2 u is as follow:
Where 2 0 k  . This control law asymptotically stabilizes 12 ( , ) (0, 0) xx  and Lyapunov function is as (7).
Substituting (6) into (4) gives
Step n: Actual control law u where can asymptotically stabilize (1), is as follows:
  [( and Lyapunov function is as (10).
Bees Algorithm
The Bees Algorithm is an optimization algorithm inspired by the natural foraging behavior of honey bees to find the optimal solution. Fig. 1 shows the pseudo code for the algorithm in its simplest form. The algorithm requires a number of parameters to be set, namely: number of scout bees (n), number of sites selected out of n visited sites (m), number of best sites out of m selected sites (e), number of bees recruited for best e sites (nep), number of bees recruited for the other (me) selected sites (nsp), initial size of patches (ngh) which includes site and its neighborhood and stopping criterion. The algorithm starts with the n scout bees being placed randomly in the search space. The fitnesses of the sites visited by the scout bees are evaluated in step 2.
1. Initialize population with random solutions. 2. Evaluate fitness of the population. 3. While (stopping criterion not met) //Forming new population. 4. Select sites for neighborhood search. 5. Recruit bees for selected sites (more bees for best e sites) and evaluate fitnesses. 6. Select the fittest bee from each patch. 7. Assign remaining bees to search randomly and evaluate their fitnesses. 8. End While.
Figure1. Pseudo code of the basic Bees Algorithm
In step 4, bees that have the highest fitnesses are chosen as "selected bees" and sites visited by them are chosen for neighborhood search. Then, in steps 5 and 6, the algorithm conducts searches in the neighborhood of the selected sites, assigning more bees to search near to the best e sites. The bees can be chosen directly according to the fitnesses associated with the sites they are visiting. Alternatively, the fitness values are used to determine the probability of the bees being selected. Searches in the neighborhood of the best e sites which represent more promising solutions are made more detailed by recruiting more bees to follow them than the other selected bees. Together with scouting, this differential recruitment is a key operation of the Bees Algorithm.
However, in step 6, for each patch only the bee with the highest fitness will be selected to form the next bee population. In nature, there is no such a restriction. This restriction is introduced here to reduce the number of points to be explored. In step 7, the remaining bees in the population are 208 assigned randomly around the search space scouting for new potential solutions. These steps are repeated until a stopping criterion is met. At the end of each iteration, the colony will have two parts to its new population representatives from each selected patch and other scout bees assigned to conduct random searches [7] .
Proposed optimal backstepping controller
An optimal backstepping controller is formed using Bees Algorithm for the optimization of the backstepping controller key parameters. The proposed controller structure is shown in Fig. 2 . In this structure, xi (i=1,2,…,n) are the state variables of the strict-feedback system, ki (i=1,2,…,n) are the backstepping controller parameters and u is the control signal produced by the optimal backstepping controller. The Bees Algorithm obtains the proper and optimal values of the parameters by minimizing the fitness function. Here, the utilized objective function is similar to that of the reference [8] . The objective function is formulized as below: 
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where tf is the final time with respect to second, u is the control signal, n is the system degree, xi (i=1,2,…,n) are the system state variables, xdi (i=1,2,…,n) are the desired trajectories of xi (i=1,2,…,n). According to the goal of stabilizing and chaos control of the system, xdi (i=1,2,…,n) is considered to be equal to zero. The weights w1 and w2 are considered to be equal in this design procedure, in order to assume equal values for two mentioned objectives, i.e. the minimization of the system error is as important as the limitation of the control effort.
Simulation Results

Gyro Chaotic System
The equation governing the motion of the gyro after necessary transformation is given by [9] . 1, 1) xx  , the chaotic motion of the system is illustrated in Fig. 3 .
Controlling Gyro chaotic system
As shown in Fig. 3 , the system has a chaotic behavior, when no control signal is applied. In this section, the backstepping method is utilized for the control of chaos of the Gyro system. For this purpose, a control signal u is added to the equation (12). The system (12) is rewritten, as following:
The time response of the states of Gyro system after applying the controller is shown in Fig 5(a) . The controlled chaos of the system is demonstrated in Fig. 5(b) . Also, the control signal is illustrated in Fig. 5(c) . As shown in Figs. 5(a) and 5(b), the Bees Algorithm causes the time response of the states of the system converge to zero in a shorter time by minimizing the fitness function. In addition, according to Fig. 5(c) , it is observed that the proposed controller has created a limited control signal to chaos control of Gyro system. 
Conclusion
This paper has proposed an optimal backstepping controller for chaos control of the Gyro chaotic system. A weighted sum of the Integral of Time multiplied Absolute Error and squared control signal is the minimized fitness function via the Bees Algorithm. Fast control of chaos in a very short time and having more limited control signal for this purpose, are the great advantages of the proposed controller. Numerical simulations are presented to show the effectiveness of the proposed scheme.
